CO2 gas exchange, ribulose-1,5-bisphosphate, and electron transport have been measured in leaves ofa yellow-green mutant of wheat (Triticum durum var Cappelli) and its wild type strain grown in the field. All these parameters, expressed on leaf area basis, were similar in both genotypes except electron transport which was more than double in the wild type. These results, treated according to a recent photosynthesis model for C3 plants, seem to indicate that the electron transport rate of mutant leaves is not sufficient to support the carboxylation derived through both the assimilation rate and the in vitro ribulose-1,5-bisphosphate carboxylase activity. It is suggested that under our experimental conditions photosynthetic electron transport is not the sole energy-dependent determinant of ribulose-1, is not limiting it is possible to relate electron transport to the rate ofphosphoglyceric acid production and to carboxylation velocity (6).
Many Chl-deficient mutants of higher plants are not able to sustain normal growth and development. However, mutants have been described which are able to photosynthesize and grow normally. Although pigment mutants may differ widely in photosynthetic characteristics, most display higher Chl a/b ratios, greater photosynthetic rates on a Chl basis, but equivalent or slightly lower rates on a leaf area basis when compared to the wild type (1, 7) .
A recent model of leaf photosynthesis contends that electron transport is a key factor in regulating carbon assimilation. Farquahr et al. (5, 6) have introduced a potential rate of wholechain electron transport which is related to uncoupled rate of electron transport in vitro. They suggest that whole-chain electron transport regulates maximum carboxylation velocity through the regeneration of RuBP2, and they describe this is not limiting it is possible to relate electron transport to the rate ofphosphoglyceric acid production and to carboxylation velocity (6) .
To test the practical application of this model, we have investigated some photosynthetic parameters of a Chl-deficient mutant of Triticum durum which grows normally in the field. Young seedlings show the same photosynthetic rate at saturating irradiances as the wild type (10) .
In this communication, we report on the correlation between net photosynthesis, uncoupled electron transport rate, and RuBP and RuBPCase content measured in the flag leaf of field grown mutant and wild type plants.
MATERIALS AND METHODS
Plants of a yellow-green mutant derived from a commercial variety of Triticum durum (var Cappelli) and its wild type strain were grown in a field near Rome. The crop was sown in January with a density of 500 plants/m2. Normal cultivation practices were applied, and irrigation was not necessary. Flag leaves were harvested on clear days starting in May when the leaves were fully expanded.
Net photosynthesis was measured in a CO2 assimilation chamber in an open system connected with a Beckmann model 865 CO2 analyzer. Three or four detached leaves were enclosed in the ventilated chamber. Irradiance at leaf surface was 700 ,umol quanta m-2 s-', corresponding to light saturation of CO2 uptake. Leaf temperature, measured using a copper-constantan thermocouple in contact with the lower surface of one of the leaves, was 25 ± 1'C. Gas entering the chamber was saturated with water.
RuBPCase activity was assayed using 2 g of fresh tissue taken from the material obtained by cutting five leaves in small pieces. The extraction was performed immediately after harvesting as previously described (3). The enzymic activity of the extract was measured by end-point titration of formed D-3-phosphoglycerate in a 60-s assay at 25'C as reported elsewhere (4).
RuBP was determined by 14C incorporation into phosphoglycerate using commercial RuBPCase. Ten flag leaves, frozen in liquid N2 within 2 s from the harvest, were finely powdered and lyophilized. The dry powder was then treated according to the procedure of Latzko and Gibbs (8) except that sonication was omitted. Typically, between 200 and 300 Al of extract was used with the buffer being adjusted between 700 and 800 ul. Approximately 0.2 mg of carboxylase was used per assay. Assays were run for 30 min at 25'C and terminated by addition of 0.5 ml of PHOTOSYNTHETIC PARAMETERS OF GREEN WHEAT 2 N HCI. The samples were dried and counted by liquid scintillation. For each sample, measured in triplicate, a parallel assay was performed by adding a known amount of commercial RuBP in the range of that expected to be contained in the sample. RuBP in the sample was then obtained on the basis of the difference in cpm caused by the addition ofthe internal standard.
Uncoupled electron transport rate of flag leaf chloroplasts was determined using the procedure of Miles and Daniel (9) with a few modifications. A Virtis homogenizer was used and BSA was omitted from the grinding medium. 02 evolution with ferricyanide as electron acceptor and 02 uptake from reduced methyl viologen was measured at 25°C with a Clark type electrode (YSI 53) in reaction medium containing 50 ,ug of Chl. Chloroplasts were irradiated with a 500-w projector lamp which provided, at the center of the reaction vessel, 2000 ME m-2 s-'.
Chl was determined in the leaf tissue extracted in 80% (v/v) acetone, and the content calculated using the equations of Arnon (2) .
The potential rate of whole-chain electron transport, J, has been calculated using the equation J = (4.0 + 8 r*/C) v, (6) (5, 6) .
RESULTS AND DISCUSSION
Both wheat strains were synchronous in flag leaf development, and measurements were started when flag leaves were fully expanded. Electron transport rates, measured by both 02 uptake with methyl viologen and 02 evolution with ferricyanide, was higher in the wild type than the mutant (Fig. 1A) . When expressed on leaf area basis, the plastids from the wild type were more than 2-fold more active in electron transport than those from the mutant. Contrary to this, a remarkable similarity was found in RuBP content per unit leaf area, which was only a slightly higher in the mutant (Fig. 1B) . RuBPCase activity was similar in the two wheat lines, while net photosynthesis was significantly higher in the mutant in most experiments (Fig. 2,  A and B) . The difference in net photosynthesis appears to increase with leaf aging probably because leaves of the wild type senesce earlier.
The regeneration of RuBP requires energy in the form of NADPH and ATP. In the light, both are produced by electron transport in the thylakoids. The uncoupled rate of electron transport in vitro has been related to the potential whole-chain electron transport, provided that the acceptor NADP+ is not limiting (5, 6) . According to this model, the rate of whole-chain electron transport, J, which is needed to satisfy NADPH requirement of the integrated photosynthetic carbon oxidative and reductive cycles, is related to the carboxylation velocity v, (6) . This can be calculated from the in vitro assay of the carboxylase assuming that the enzyme is exposed to saturating levels of RuBP. Assuming that the enzyme constitutes 50% of soluble proteins (about 40 mg/dM2 in our experiments), RuBP content reported here appears to be present in sufficient amounts to saturate the carboxylase.
In the following discussion, we compare quantitatively the results obtained, in a single data set, May 18, when the leaves were fully expanded, appeared healthy, and at a time when the investigated parameters were at their highest levels. Inasmuch as during the course of the investigation the trend in the relationships between the various parameters did not change significantly, the conclusion obtained from a single data set can be extended to the whole investigation.
The measured carboxylase activity, Vc, is 2.7 and 2.9 mmol/ dm2-h for the wild type and mutant, respectively. Moreover, v, derived from the photosynthetic rate, takes the values of 0.61 and 0.58 mmol/dm2 * h for the wild type and the mutant, respectively. These values will increase if one considers the negative contribution of dark respiration, Rd, to the assimilation rate, and are consistent with the activity obtained in vitro. According to the model, the electron transport rate needed to satisfy the NADPH requirement at the carboxylation velocity derived from the in vitro activity is 3.5 meq/dm2 h for the wild type and 3.7 for the mutant. A similar result would be obtained using the carboxylation velocity derived from the assimilation rate. It is apparent that these values of electron transport rate can be achieved only by the wild type which shows a value of uncoupled electron transport (measured by 02 evolution) of 6.1 meq/dm2. h whereas the mutant exhibits a rate of only 2.5 meq. This discrepancy would be even greater ifadditional electron transport needed to satisfy the ATP requirement is considered. In such a case, the electron transport rate needed to support the carboxylation velocity is 4 
